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==========================

Although magnesium (Mg) remains the 4^th^ most common mineral and the 2^nd^ most abundant intracellular divalent cation in the body, its study, clinical application, and relevance remain in the background when compared with other minerals such as sodium, calcium, or potassium.\[[@ref1][@ref2]\] Only about 1% of it is in the blood, its residence being mainly in the bones and organs.\[[@ref1]\]

It plays major roles in physiological activities of the body including normal nerve and muscle function, cardiac excitability, and insulin metabolism. Its deficiency has consequently been associated with chronic diseases such as migraine, hypertension (HT), and type 2 diabetes mellitus (T2DM).\[[@ref3]\] The foods highest in Mg include unrefined whole grains, spinach, nuts, and tubers.\[[@ref3][@ref4]\] The recommended dietary reference intake is about 301--420 mg/day, \<60% of people in USA consume this amount.\[[@ref5]\]

Mg plays a role in glucose and insulin metabolism through tyrosine kinase activity. It transfers phosphate from ATP to proteins. It also releases glucose-1-phosphate from glycogen thereby affecting the phosphorylase b activity. It directly affects glucose transporter protein activity 4 thereby helping to regulate glucose translocation into cells.\[[@ref3]\] In HT, it is involved in blood pressure (BP) regulation by hindering calcium depolarization and release of nitric oxide leading to vascular relaxation.\[[@ref6]\]

The normal serum Mg is about 1.6--2.5 mg/dl. The prevalence of hypomagnesemia ranges from 13.5% to 47.7% in T2DM patients.\[[@ref7][@ref8]\] In a recent Indian study, the prevalence of serum Mg \<1.6 mg/dl was put at 11.3%.\[[@ref9]\] Hypomagnesemia has been implicated in various disease states including migraines, headaches, HT, cardiovascular diseases, stroke, and T2DM.\[[@ref2]\] However, it is its role in T2DM and metabolic syndrome that has been most studied.

Prospective studies have shown that those with higher Mg intake are 10%--47% less likely to develop T2DM.\[[@ref10]\] In intervention studies, Mg supplement has been shown to improve insulin sensitivity in diabetic and obese patients and even in experimental animals.\[[@ref2][@ref11][@ref12]\] Hypomagnesemia has also been postulated as a factor that increase gastrointestinal transit time in both normal and diabetic animals.\[[@ref13]\]

This study seeks to investigate the pattern of serum Mg in our cohorts of T2DM patients. It also seeks to correlate the effects of hypomagnesemia in control of diabetes mellitus.

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

One hundred and twenty-five patients comprising 63 with T2DM alone and 62 with diabetes and HT who gave informed consent were recruited into the study from the outpatient clinics and medical wards of our hospital. They were compared with fifty normal controls who were sex and age matched. Those on loop diuretics or taking any Mg supplement were excluded from the study. Basic data were obtained and the HbA1c and the fasting blood glucose (FBG) were obtained while serum Mg was measured by colorimetry. Serum Mg \<1.6 mg/dl was considered to be hypomagnesemia.

Ethical approval was obtained from our Institution Board and study conformed to the Declaration of Helsinki.

Statistical data were analyzed by SPSS window 20. Continuous variables were expressed as mean ± standard deviation while categorical variables were expressed as percentages. Groups were compared by the Student\'s *t*-test. *P* \<0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The study subjects consisted of 125 patients with T2DM of whom 62 were also hypertensive. They were compared with fifty normal controls.

The mean serum Mg of all the diabetic subjects was 2.06 ± 0.49 mg/dl though this tended to be lower than 2.22 ± 0.48 for the control subjects, which did not reach statistical significance \[[Table 1](#T1){ref-type="table"}\]. There were 29 (23.2%) subjects with hypomagnesemia which was significantly more than 6 (12.0%) in the controls. The patients with diabetes had higher body mass index and lower serum triglyceride than the control subjects. Furthermore, more diabetics tended to take alcohol than the controls. All the other parameters were comparable in both groups.

###### 

Demographic characteristics of all study subjects
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[Table 2](#T2){ref-type="table"} compares the patients with only T2DM with those who had both diabetes and HT. There were about equal number of patients in both groups. The patients with diabetes and HT were older, more of females, and had higher body mass index. The mean serum Mg at 2.03 ± 0.49 and 2.09 ± 0.50 was not significantly different. They were both within normal limits. Seventeen (27.0%) patients with diabetes alone who had hypomagnesemia were significantly more than 19.3% of patients with diabetes and HT. The hip circumference was significantly more in patients with diabetes alone. All other parameters except those directly related to HT were comparable.

###### 

Comparison between the patients with diabetes alone and diabetes with hypertension
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When the 29 patients with hypomagnesemia were compared with the 96 with normal serum Mg, there was no difference in the sex distribution and mean ages \[[Table 3](#T3){ref-type="table"}\]. The HbA1c was higher in patients with low Mg (8.39% ±0.98% vs. 6.75% ±1.22%, *P* = 0.021). The FBG was, however, comparable in both groups. The serum Mg in the hypomagnesemia group was 1.50 ± 0.21 mg/dl while the normal cohort was 2.09 ± 0.46 mg/dl, *P* = 0.024.

###### 

Comparison of the patients with hypomagnesemia and normal serum magnesium
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The mean serum Mg in the diabetic patients in this study is comparable and within normal limits as that of the controls. However, more diabetic patients had hypomagnesemia when compared with the controls. Many studies have confirmed this finding,\[[@ref3][@ref8][@ref9]\] with deleterious consequences. Dasgupta *et al*. noted that apart from poor glycemic control, hypomagnesemia is associated with retinopathy, nephropathy, and foot ulcers.\[[@ref9]\]

The prevalence of hypomagnesemia at 23.2% is comparable with the general trend at 13.5%--47.7% study is similar to the finding of Dasgupta *et al*.\[[@ref10]\] The prevalence of hypomagnesemia in normal controls in this study is comparable with the Swiss study but much higher than a Bangladesh study in which the prevalence was about 6%.\[[@ref8][@ref14]\]

A tendency for Mg deficiency in diabetic patients is well established. Changes in serum Mg levels may have a bearing on diabetic comorbidities and complications with strong association with obesity, HT, and diabetic retinopathy.\[[@ref15]\] Guerrero-Romero *et al*. in a review of 681 healthy individuals reported that dietary Mg intake but not obesity or overweight is the one that is associated with hypomagnesemia and concluded that hyperglycemia might be a cause of hypoglycemia in nondiabetic individuals.\[[@ref16]\] A meta-analysis of 34 trials involving 2028 participants, Zhang *et al*. reported that 368 mg of supplemental Mg daily for 3 months will lower systolic BP by 2 mmHg and diastolic BP by 1.78 mmHg. This effect is most pronounced in those with severe hypomagnesemia.\[[@ref17]\] In another review of 31,876 participants, higher consumption of Mg is associated with lower risks of developing metabolic syndrome. The authors, however, cautioned that the association between serum Mg and metabolic syndrome though significant is heterogeneous and requires further confirmation.\[[@ref18]\]

The causes of hypomagnesemia are multifactorial. They include poor intake of food rich in Mg and osmotic diuresis leading to high Mg excretion. Insulin resistance which may affect intracellular Mg transport may cause increased extracellular Mg loss and reduced tubular Mg reabsorption. Other causes include frequent use of loop and thiazide diuretics and also diabetic autonomic neuropathy.\[[@ref9][@ref19]\] Sodium-glucose cotransporter 2 acts in proximal nephron blocking glucose reabsorption and could account for increasing Mg urinary loss during osmotic diuresis thereby worsening hypomagnesemia.

Approximately half of the T2DM patients were also adjudged hypertensive, a figure slightly lower than the Swiss study.\[[@ref14]\] It is known that many diabetic patients if they live long enough will develop elevated BP. This study revealed that patients with T2DM and HT were older than those with diabetes alone. Development of HT on already established diabetes does not seem to confer tendency to developing hypomagnesemia. There were more patients with hypomagnesemia who had only diabetes than those with diabetes and HT combined.

This study revealed that long-term diabetes control as demonstrated by HbA1c was better in patients with normal serum Mg though FBG did not differ. Many studies have demonstrated poorer control in T2DM patients with hypomagnesemia\[[@ref8][@ref9][@ref20]\] while some did not experience this effect.\[[@ref14]\] FBG is a spot analysis of glycemic control, unlike HbA1c, and did not show any difference in this study. HbA1c depicts long-term control while FBG shows short-term control, it is possible that Mg as a cofactor has more influence on long-term rather than short-term control. This will require further work. Furthermore, insulin early phase secretion increases after glucose load which is absent in fasting state, hence effect on postprandial.

The limitation of this study includes the relatively small sample size and measurement of serum Mg as an indication of the body Mg. Serum Mg has been observed to be the least sensitive of estimating total body Mg status except in severe deficiency as compared with ionized Mg, red blood cell Mg, or urinary Mg by the Mg loading test.\[[@ref21]\] However, our focus in this study is not total body Mg but serum Mg. Whereas it is well recognized that parathyroid hormone (PTH) may have modulatory effects on Mg metabolism, this was not particularly considered in this study and constituted a limitation. It has, however, been observed that suppression of intact PTH (iPTH) can result from severely decreased total body Mg with clinical features of neuromuscular irritability due primarily to hypocalcemia and Mg therapy alone has been shown to correct hypocalcemia secondary to iPTH suppression.\[[@ref22]\]

We did not also set out to investigate the details of Mg excretion in these patients; this is also a limitation which could be addressed in further work.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The conclusion of this study is that hypomagnesemia is common in our T2DM patients occurring approximately in 1 in 4 patients. It is associated with poor long-term glycemic control.
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